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(54)
AND INSUFFLATOR

(57)  The present invention relates to the technical
field of medical instruments, and provides a control meth-
od, control system, control apparatus for an insufflator,
and an insufflator. The control method for an insufflator
includes the following steps: acquiring a monitored pres-
sure read by an insufflator; when the monitored pressure
is greater than a first pressure threshold and a time
duration for which itis maintained is greater than or equal
to a first preset time duration, acquiring a pressure
change rate within the first preset time duration; if the
pressure change rate is greater than a first pressure
change rate threshold, determining it as an expected
fluctuation and initiating a first adjustment procedure;
and if the pressure change rate is less than or equal to
the first pressure change rate threshold, determiningitas
continuous change and initiating a second adjustment
procedure. By using the pressure change rate to more
carefully distinguish the cause of overpressure, different
adjustment procedures may be adopted, allowing for
targeted adjustment of expected fluctuating overpres-
sure situations, thereby avoiding the problems of high
wear of equipment components and long-time consump-

tion for equipment pressure stabilization.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The present invention claims the priority to the
Chinese patent application with the filing No.
2025101798977 filed with the China National Intellectual
Property Administration on February 19, 2025, and en-
titted "CONTROL METHOD, CONTROL SYSTEM,
CONTROL APPARATUS FOR AN INSUFFLATOR,
AND INSUFFLATOR", which is incorporated herein by
reference in entirety.

TECHNICAL FIELD

[0002] The present invention relates to the technical
field of medical instruments, and in particular, to a control
method, control system, control apparatus for an insuf-
flator, and an insufflator.

BACKGROUND

[0003] In existing pneumoperitoneum equipment, to
maintain stability of intra-abdominal pressure, a pressure
monitoring and adjustment mechanism is normally em-
ployed. The mechanism has a specific pressure thresh-
old. Once it is monitored that the intra-abdominal pres-
sure fluctuates and exceeds this threshold, the equip-
ment immediately initiates a deflation procedure for ad-
justment. However, in certain specific scenarios, for ex-
ample, when a physician presses a patient’s body during
surgery, it may cause overpressure in the intra-abdom-
inal pressure, and such fluctuation often exceeds the
preset threshold. According to the traditional method
for pneumoperitoneum stabilization, the equipment
would rapidly deflate in this situation, and after the press-
ing action ends, alarge amount of gas supplementationis
needed to restore pressure balance within the pneumo-
peritoneum.

[0004] This traditional method for pneumoperitoneum
stabilization has obvious disadvantages. On one hand,
as long as the intra-abdominal pressure exceeds the
threshold, the equipment inevitably performs deflation
and gas supplementation actions, which undoubtedly
increases the usage frequency of components, leads
to higher component wear, and increases the mainte-
nance cost and failure risk of the equipment. On the other
hand, frequent deflation followed by gas supplementa-
tion prolongs the time required for the pneumoperito-
neum to regain stability, thereby slowing down the overall
progress of the surgery. Especially when the intra-ab-
dominal pressure fluctuation caused by a physician’s
pressing is relatively brief, this problem of delayed sta-
bilization becomes more prominent. After pressing, the
physician often hopes the pneumoperitoneum can sta-
bilize more quickly to better proceed with subsequent
surgical operations.

[0005] Therefore, there is an urgent need for a new
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control method for an insufflator, which can effectively
solve the problems of high equipment component wear
and long-time consumption for stabilizing intra-abdom-
inal pressure due to anticipated fluctuations, such as
those caused by a physician’s pressing, thereby improv-
ing surgical efficiency and reducing equipment wear.

SUMMARY

[0006] An objective of the present invention is to pro-
vide a control method for an insufflator, so as to solve the
technical problems existing in the prior art of high equip-
ment component wear and long-time consumption for
stabilizing equipment due to expected fluctuations.
[0007] In a first aspect, an embodiment of the present
invention provides a control method for an insufflator,
including the following steps: acquiring a monitored pres-
sure read by an insufflator; when the monitored pressure
is greater than a first pressure threshold and a time
duration for which it is maintained is greater than or equal
to a first preset time duration, acquiring a pressure
change rate within the first preset time duration; if the
pressure change rate is greater than a first pressure
change rate threshold, determining it as expected fluc-
tuation and initiating a first adjustment procedure; if the
pressure change rate is less than or equal to the first
pressure change rate threshold, determining it as con-
tinuous change and initiating a second adjustment pro-
cedure.

[0008] Further, the acquiring a monitored pressure
read by an insufflator includes: acquiring sampling pres-
sures and sampling time points corresponding to the
sampling pressures; and taking an average value of
sampling pressures at every N consecutive sampling
time points as the monitored pressure, where N > 1.
[0009] Further, the acquiring a pressure change rate
within the first preset time duration includes: within the
first preset time duration, including M values of the mon-
itored pressures, dividing a difference between adjacent
monitored pressures by an interval time between the
adjacent monitored pressures to obtain M-1 pressure
change rates; and taking a maximum value among the
M-1 pressure change rates as the pressure change rate
within the first preset time duration.

[0010] Further, the first adjustment procedure in-
cludes: when the monitored pressure is less than orequal
to a second pressure threshold and a time duration for
whichitis maintained is greater than a second presettime
duration, initiating a first pressure reduction procedure;
and when the monitored pressure is greater than the
second pressure threshold, initiating a second pressure
reduction procedure.

[0011] Further, the first adjustment procedure further
includes: when the monitored pressure is less than a
second pressure threshold and a time duration for which
itis maintained s less than a second preset time duration,
issuing a first prompt signal; when the monitored pres-
sure is less than or equal to the second pressure thresh-
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old and the time duration for which it is maintained is
greater than the second preset time duration, issuing a
second prompt signal; and when the monitored pressure
is greater than the second pressure threshold, issuing a
third prompt signal.

[0012] Further, the first pressure reduction procedure
includes: opening a first pressure relief valve; the second
pressure reduction procedure includes: opening the first
pressure relief valve and a second pressure relief valve.
[0013] Further, the second adjustment procedure in-
cludes: when the monitored pressure is less than or equal
to a second pressure threshold, initiating a third pressure
reduction procedure and initiating a first counting proce-
dure; when the monitored pressure is greater than the
second pressure threshold, initiating a fourth pressure
reduction procedure and initiating a second counting
procedure.

[0014] Further, the second adjustment procedure
further includes: when the monitored pressure is less
than or equal to a second pressure threshold, issuing a
fourth prompt signal; and when the monitored pressure is
greater than the second pressure threshold, issuing a
fifth prompt signal.

[0015] Further, the third pressure reduction procedure
includes: opening a first pressure relief valve; the fourth
pressure reduction procedure includes: opening the first
pressure relief valve and a second pressure relief valve.
[0016] In a second aspect, an embodiment of the pre-
sent invention further provides a control system for an
insufflator, including: a pressure monitoring module, con-
figured to acquire a monitored pressure read by an
insufflator and determine whether the monitored pres-
sure is greater than a first pressure threshold and a time
duration for which itis maintained is greater than or equal
to a first preset time duration; a pressure change rate
calculation module, connected to the pressure monitor-
ing module and configured to, when the pressure mon-
itoring module determines that the monitored pressure is
greater than the first pressure threshold and the time
duration for which itis maintained is greater than or equal
to the first preset time duration, acquire a pressure
change rate within the first preset time duration; a deter-
mination module, connected to the pressure change rate
calculation module and configured to determine whether
itis expected fluctuation or continuous change according
to the pressure change rate calculated by the pressure
change rate calculation module; wherein the determina-
tion module is configured to determine it as expected
fluctuation when the pressure change rate is greater than
afirst pressure changerate threshold, and determine itas
continuous change when the pressure change rate is
less than or equal to the first pressure change rate thresh-
old; and an adjustment control module, connected to the
determination module and configured to be initiated to
execute a first adjustment procedure when the determi-
nation module determines it as expected fluctuation, and
to be initiated to execute a second adjustment procedure
when the determination module determines it as contin-
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uous change, so that the intra-abdominal pressure re-
mains stable.

[0017] Inathird aspect, an embodiment of the present
invention further provides a control apparatus for an
insufflator, including a processor, a memory, and a com-
puter program stored in the memory and executable on
the processor, wherein the computer program, when
executed, implements the method steps in the control
method for an insufflator described above.

[0018] In a fourth aspect, an embodiment of the pre-
sent invention further provides an insufflator, including:
the aforementioned control apparatus for an insufflator; a
pressure sensor, configured to measure an intra-abdom-
inal pressure; and a first pressure relief valve and a
second pressure relief valve, configured to control in-
tra-abdominal pressure relief; wherein the control appa-
ratus for an insufflator is electrically connected to each of
the pressure sensor, the first pressure relief valve, and
the second pressure relief valve.

[0019] The embodiments of the presentinvention have
at least the following technical effects.

[0020] The control method for pneumoperitoneum sta-
bility provided in the embodiments of the present inven-
tion can, during a surgical phase where the pneumoper-
itoneum needs to be maintained stable, restore the pneu-
moperitoneum to its originally pressure that needs to be
maintained in the event of an intra-abdominal overpres-
sure condition. First, it is necessary to acquire a mon-
itored pressure of the pneumoperitoneum. A first pres-
sure threshold and a first preset time duration are set in
advance. When the monitored pressure is greater than
the first pressure threshold and the time duration for
which it is maintained is greater than or equal to the first
preset time duration, a pressure change rate within the
first preset time duration is acquired; if the pressure
change rate is greater than a first pressure change rate
threshold, it is determined as expected fluctuation and a
first adjustment procedure is initiated; if the pressure
change rate is less than or equal to the first pressure
change rate threshold, it is determined as continuous
change and a second adjustment procedure is initiated.
[0021] Since an expected fluctuant pressure increase
caused by manual pressing has an obvious difference in
the rate of pressure change from continuously changing
overpressure caused by other reasons, itis necessary to
preset a first pressure change rate threshold in advance.
The causes for expected fluctuating overpressure and
continuously changing overpressure are different. The
cause of expected fluctuating overpressure is relatively
clear, and the pneumoperitoneum needs to return to the
expected pressure quickly after the expected fluctuation.
The overpressure caused by continuous change may
have various causes. One type is unpredictable changes
inthe patientthemselves, such as decreased compliance
of the patient’'s abdominal wall, edema or congestion of
abdominal organs, etc. Another type is an insufflator
performance issue. For example, if a gas delivery pipe-
line in the insufflator is bent or blocked, it may also cause
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the intra-abdominal pressure to rise slowly. By using the
pressure change rate to more carefully distinguish the
cause or situation of the overpressure, different adjust-
ment procedures may be adopted. This can largely avoid
the problem of high equipment component wear, and
targeted adjustment can be made for the expected fluc-
tuating overpressure situation, avoiding the problem of
long-time consumption for the equipment to stabilize
intra-abdominal pressure after expected fluctuation,
thereby improving surgical efficiency and reducing equip-
ment wear.

BRIEF DESCRIPTION OF DRAWINGS

[0022] To explain the technical solutions in the embo-
diments of the present invention or the prior art more
clearly, the drawings used in the description of the em-
bodiments or the prior art will be briefly introduced below.
Obviously, the drawings in the following description are
some embodiments of the presentinvention. For those of
ordinary skill in the art, other drawings may be obtained
based on these drawings without creative effort.

FIG. 1 is a schematic flowchart of a control method
for an insufflator provided by an embodiment of the
present invention;

FIG. 2 is a schematic flowchart for acquiring a mon-
itored pressure read by an insufflator according to an
embodiment of the present invention;

FIG. 3 is a schematic flowchart for acquiring a pres-
sure change rate within a first preset time duration
provided by an embodiment of the present invention;
FIG. 4 is a schematic flowchart of a part of a first
adjustment procedure provided by an embodiment
of the present invention;

FIG. 5 is a schematic flowchart of another part of the
first adjustment procedure provided by an embodi-
ment of the present invention;

FIG. 6 is a schematic flowchart of a part of a second
adjustment procedure provided by an embodiment
of the present invention;

FIG. 7 is a schematic flowchart of another part of the
second adjustment procedure provided by an em-
bodiment of the present invention; and

FIG. 8 is a schematic structural diagram of a control
system for an insufflator provided by an embodiment
of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] The technical solutions of the present invention
will be described clearly and completely below in combi-
nation with the embodiments. Apparently, the described
embodiments are only part, not all of the embodiments of
the present invention. Based on the embodiments of the
present invention, all other embodiments obtained by a
person of ordinary skill in the art without creative effort
shall fall within the protection scope of the present inven-
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tion.

[0024] Those skilled in the art can understand that,
unless otherwise defined, all terms (including technical
terms and scientific terms) used herein have the same
meaning as commonly understood by those of ordinary
skill in the art to which the present invention belongs. It
should also be understood that terms such as those
defined in general dictionaries should be understood to
have meanings consistent with their meanings in the
context of the prior art, and will not be interpreted in an
idealized or overly formal sense unless specifically de-
fined as herein.

[0025] Those skilled in the art can understand that the
singular forms "a", "an", "said" and "the" used herein may
also include plural forms unless specifically stated other-
wise. It should be further understood that the term "in-
clude" used in the specification of the present invention
indicates the presence of the stated features, integers,
steps, operations, elements, and/or components, but
does not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or combinations thereof. The
term "and/or" used herein includes all of the one or more
associated listed items, or any and all combinations of the
one or more associated listed items.

[0026] Referringto FIGS. 1to 7, an embodiment of the
present invention provides a control method for an insuf-
flator, including the following steps.

[0027] $S100: acquiring a monitored pressure read by
an insufflator.

[0028] In this embodiment, this control method is ap-
plicable during a surgical phase where the pneumoper-
itoneum needs to be maintained stable. If intra-abdom-
inal overpressure occurs, this control method is em-
ployed to restore the pneumoperitoneum to its original
pressure that needs to be maintained. First, it is neces-
sary to acquire the monitored pressure read by the in-
sufflator, which is essentially the actual real-time pres-
sure of the pneumoperitoneum.

[0029] S200: when the monitored pressure is greater
than a first pressure threshold and a time duration for
which it is maintained is greater than or equal to a first
preset time duration, acquiring a pressure change rate
within the first preset time duration.

[0030] Here, the first pressure threshold and the first
preset time duration need to be set in advance. If the
pressure that the pneumoperitoneum needs to be main-
tained, i.e., the expected pressure, is X mmHg, then the
first pressure threshold may be set to (X+2) mmHg, and
the first preset time duration may be setto 0.5 s. That is, if
the difference between the monitored pressure of the
pneumoperitoneum and the expected pressure of the
pneumoperitoneum exceeds 2 mmHg, and this differ-
ence remains above 2 mmHg for 0.5 s, or when the
monitored pressure of the pneumoperitoneum is greater
than (X+2) mmHg and remains for 0.5 s, then at this
moment, the pressure change rate within these 0.5 s
should be calculated and obtained. Of course, setting the
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first pressure threshold to (X+2) mmHg and the first
preset time duration to 0.5 s here is only an example
for ease of understanding and is not a limitation on its
value. Specifically, more appropriate values may be as-
signed based on the actual intra-abdominal pressure
changes during surgery. This first pressure threshold is
greater than the expected pressure but must be less than
the maximum pressure that the human abdominal cavity
can withstand.

[0031] S300:ifthe pressure changerateis greaterthan
a first pressure change rate threshold, determining it as
an expected fluctuation and initiating a first adjustment
procedure.

[0032] S400:ifthe pressure change rate is less than or
equal to the first pressure change rate threshold, deter-
mining it as continuous change and initiating a second
adjustment procedure.

[0033] Since an expected fluctuation caused by man-
ual pressing leads to a sudden intra-abdominal pressure
increase, which has an obvious difference in the rate of
pressure change from continuously changing overpres-
sure caused by other reasons, it is necessary to preset a
first pressure change rate threshold in advance. For
example, the first pressure change rate threshold may
be setto 2 mmHag/s. If the pressure change rate is greater
than 2 mmHg/s, it is determined as expected fluctuation;
if the pressure change rate is less than or equal to 2
mmHg/s, it is determined as continuous change. The
causes for expected fluctuating overpressure and con-
tinuously changing overpressure are different. The cause
of expected fluctuating overpressure is relatively clear,
and the pneumoperitoneum needs to return to the ex-
pected pressure quickly after the expected fluctuation.
The overpressure caused by continuous change may
have various causes. One type is changes in the patient
themselves, such as decreased compliance of the pa-
tient's abdominal wall (after pneumoperitoneum estab-
lishment, as the surgical operation proceeds, the abdom-
inal wall gradually adapts to the intra-abdominal pres-
sure, its elastic retraction force weakens, leading to a
reduction in the relative space within the abdominal
cavity, thus slowly increasing the intra-abdominal pres-
sure), or unpredictable conditions such as edema or
congestion of abdominal organs. Another type is an
insufflator performance issue. For example, if a gas
delivery pipeline in the insufflator is bent or blocked, it
may also cause a slow rise in intra-abdominal pressure.
By using the pressure change rate to more carefully
distinguish the cause or situation of the overpressure,
different adjustment procedures may be adopted. This
can largely avoid the problem of high equipment compo-
nent wear, and targeted adjustment can be made for the
expected fluctuating overpressure situation, avoiding the
problem of long-time consumption for the equipment to
stabilize intra-abdominal pressure after expected fluc-
tuation, thereby improving surgical efficiency and redu-
cing equipment wear.

[0034] In this embodiment, step S100 specifically in-
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cludes:

S101: acquiring sampling pressures and sampling
time points corresponding to the sampling pres-
sures; and

S102: taking an average value of sampling pres-
sures at every N consecutive sampling time points
as the monitored pressure, where N > 1.

[0035] Generally, the sampling pressure of the equip-
ment is very high-frequency, for example, pressure sam-
pling is performed every 25ms. However, the monitored
pressure of the pneumoperitoneum is to be displayed for
the physician to observe. Taking the average value of
sampling pressures at every N consecutive sampling
time points as the monitored pressure, where N > 1,
and if N is 4, the monitored pressure of the pneumoper-
itoneum is the average value of sampling pressures
within 100ms.

[0036] The advantage of this averaging approach is
that, on one hand, it can reduce noise interference.
Although high-frequency sampling can capture rapid
pressure changes, itis also susceptible to various noises,
such as electromagnetic interference in the surgical en-
vironment. These noises can cause instantaneous fluc-
tuations in the sampled pressure values, making the
monitored pressure data less smooth and stable. By
taking the average value of N consecutive sampling
pressure values, these instantaneous noise interfer-
ences can be effectively filtered out. When random noise
exists, they partially cancel each other out across multi-
ple sampling values, thereby making the final monitored
pressure closerto the true intra-abdominal pressure level
and providing more accurate monitoring results. On the
other hand, it can provide a stable and reliable reference.
During surgery, the physician needs to assess the safety
and effectiveness of the surgical operation based on the
intra-abdominal pressure. If the monitored pressure fluc-
tuates frequently, it can make such assessments difficult
for the physician and may even lead to misjudgment. The
monitored pressure after averaging is more stable, which
can provide a reliable reference basis for the physician
and help them better control the surgical process. It can
also assist the equipment in reducing unnecessary ad-
justments. The averaged monitored pressure can more
accurately reflect the overall state of the pneumoperito-
neum, making the adjustment of the insufflator more
reasonable and necessary, and reducing unnecessary
wear on the equipment.

[0037] In this embodiment, it is specifically explained
that step S200 specifically includes:

S201: within the first preset time duration, including
M values of the monitored pressures, dividing a
difference between adjacent monitored pressures
by an interval time between the adjacent monitored
pressures to obtain M-1 pressure change rates; and
S202: taking a maximum value among the M-1
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pressure change rates as the pressure change rate
within the first preset time duration.

[0038] In this embodiment, taking the maximum value
among the M-1 pressure change rates as the pressure
change rate within the first preset time duration is mainly
to ensure sensitivity to pressure changes and to deter-
mine the type of pressure change more accurately, where
M > 2. By taking the maximum value, it can be ensured
thateven rapid pressure changes occurring within a short
period of time can be captured promptly. If it is an over-
pressure within the expected fluctuation, forexample, the
monitored pressure is greater than the first pressure
threshold and lasts for the first preset time duration,
but the monitored pressure does not keep increasing
throughout the first preset time duration-it may become
flat at a certain moment-taking the maximum value can
avoid missing important information that might be over-
looked by taking an average or a smaller value. During
surgery, the maximum value can provide the most direct
and obvious information about pressure changes, redu-
cing misjudgments caused by inconspicuous pressure
changes, and ensuring that the adjustment of the insuf-
flator is more accurate and effective.

[0039] In this embodiment, it is specifically explained
that step S300 specifically includes:

S301: when the monitored pressure is less than or equal
to a second pressure threshold and a time duration for
whichitis maintained is greater than a second presettime
duration, initiating a first pressure reduction procedure.
[0040] Optionally, the first pressure reduction proce-
dure includes: opening a first pressure relief valve.
[0041] S302: when the monitored pressure is greater
than the second pressure threshold, initiating a second
pressure reduction procedure.

[0042] Optionally, the second pressure reduction pro-
cedure includes: opening the first pressure relief valve
and a second pressure relief valve.

[0043] In this embodiment, a second pressure thresh-
old and a second preset time duration need to be preset.
The second pressure threshold is greater than the first
pressure threshold, and the second preset time duration
is greater than the first preset time duration. If the first
pressure threshold is set to (X+2) mmHg, then the sec-
ond pressure threshold may be set to (X+4) mmHg. The
value of the second pressure threshold is more biased
towards the maximum pressure that the pneumoperito-
neum can bear but must be less than the maximum
pressure value. The first preset time duration is for faster
detection of changes, while the second preset time dura-
tion takes into consideration that if the fluctuation is
caused by only a very brief press, overreaction of the
equipment should be avoided. For example, the second
preset time duration is set to 3 s. If the intra-abdominal
overpressure is greater than the first pressure threshold
but less than the second pressure threshold, and the
duration is only 2 s, which is less than the second preset
time duration, then the equipment does not need to
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initiate a pressure reduction procedure at this time. This
is because such short-term, small-range overpressure
will not cause significant harm to the human body, and the
overpressure phenomenon will disappear after the press
stops. Furthermore, because the equipment does not
perform pressure reduction, the pneumoperitoneum will
quickly restore its original pressure level, which also
reduces overreaction of the equipment, reduces compo-
nent wear, and frequent valve switching can also gen-
erate additional noise. This approach can also reduce
noise generation.

[0044] When the monitored pressure is less than or
equal to the second pressure threshold and the time
duration for which it is maintained is greater than the
second preset time duration, initiating the first pressure
reduction procedure is to ensure that even if the range of
overpressure is relatively small, if it lasts too long, it may
still harm the human body, so pressure reduction is
necessary at this time. When the monitored pressure
is greater than the second pressure threshold, itindicates
that the intra-abdominal pressure is closer to a critical
value. In this case, pressure reduction is mandatory to
prevent irreversible damage caused by excessively high
intra-abdominal pressure. These two situations are dif-
ferent. Therefore, the adopted pressure reduction pro-
cedures are also different. The first pressure reduction
procedure only opens the first pressure relief valve, while
the second pressure reduction procedure needs to open
both the first and the second pressure relief valves. The
gas flow rate of the first pressure relief valve is less than
that of the second pressure relief valve. Therefore, the
pressure relief speed of the first pressure relief valve is
slower than that of the second pressure relief valve. The
first pressure reduction procedure can achieve pressure
reduction without deflating too much gas, allowing the
intra-abdominal pressure to stabilize more quickly after
the press ends. The second pressure reduction proce-
dure can ensure surgical safety to the greatest extent.
Overall, they make the stabilization of pneumoperito-
neum more efficient with minimal loss.

[0045] In this embodiment, it is specifically explained
that step S300 further includes:

S311: when the monitored pressure is less than the
second pressure threshold and the time duration for
which it is maintained is less than the second preset
time duration, issuing a first prompt signal;

S312: when the monitored pressure is less than or
equal to the second pressure threshold and the time
duration for which it is maintained is greater than the
second preset time duration, issuing a second
prompt signal; and

S313: when the monitored pressure is greater than
the second pressure threshold, issuing a third
prompt signal.

[0046] In this embodiment, it is considered that if the
physician only observes the monitored pressure during
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surgery, they cannot intuitively grasp the dynamic status
of the equipment, which could also pose a potential risk
during surgery. Therefore, prompt signals need to be
added. The prompt signals may appear in the form of
sound, light, text, or even a combination thereof. The first,
second, and third prompt signals are all different. The
following provides textual examples, the first, second,
and third prompt signals may be: "Expected Fluctuation
in Progress", "Expected Fluctuation Time-out", and "Ex-
pected Fluctuation Overpressure”, respectively. The
prompt "Expected Fluctuation in Progress" indicates that
the equipment has detected a pressure fluctuation
caused by, for example, manual pressing, but will not
deflate; it is for prompting purposes only. The prompt
"Expected Fluctuation Time-out" can alert the physician
and indicates that the equipment will open the first pres-
sure relief valve to reduce pressure, and close it when the
monitored pressure falls below the first pressure thresh-
old. The prompt "Expected Fluctuation Overpressure"
can alert the physician and indicates that the equipment
will open both the first and second pressure relief valves
to reduce pressure, and close the first and second pres-
sure relief valves when the monitored pressure falls
below the first pressure threshold.

[0047] In this embodiment, it is specifically explained
that step S400 specifically includes:

S401: when the monitored pressure is less than or equal
to the second pressure threshold, initiating a third pres-
sure reduction procedure and initiating a first counting
procedure.

[0048] Optionally, the third pressure reduction proce-
dure includes: opening a first pressure relief valve.
[0049] Optionally, the first counting procedure in-
cludes: ifthe number of times the third pressure reduction
procedure is initiated exceeds a first preset number of
times within a third preset time duration, issuing a first
warning signal.

[0050] S402: when the monitored pressure is greater
than the second pressure threshold, initiating a fourth
pressure reduction procedure and initiating a second
counting procedure.

[0051] Optionally, the fourth pressure reduction proce-
dureincludes: opening the first pressure relief valve and a
second pressure relief valve.

[0052] Optionally, the second counting procedure in-
cludes: if the number of times the fourth pressure reduc-
tion procedure is initiated exceeds a second preset num-
ber of times within a fourth preset time duration, issuing a
second warning signal.

[0053] In this embodiment, since the cause of contin-
uous changing pressure increase is unclear, using the
comparison between the monitored pressure and the
second pressure threshold as the criterion for determin-
ing which pressure reduction procedure to execute pro-
vides a more reliable safeguard, with the third and fourth
pressure reduction procedures being distinct from each
other. At the same time, because the cause of the pres-
sure increase is unclear but it continues to increase,
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besides pressure relief, it is also necessary to consider
whether the continuous pressure increase is due to the
patient’s own condition or equipment-related factors.
[0054] Therefore, besides opening the first pressure
relief valve when the monitored pressure is less than or
equal to the second pressure threshold and closing the
first pressure relief valve when the monitored pressure
falls below the first pressure threshold, and opening both
the first and second pressure relief valves when the
monitored pressure is greater than the second pressure
threshold and closing the first and second pressure relief
valves when the monitored pressure falls below the first
pressure threshold, it is also necessary to consider in-
itiating a counting procedure. Because pressure
changes caused by the patient's own condition are lim-
ited, if within a certain defined time period that follows, the
number of times the same continuous change exceeds a
set number of times-for example, if the third pressure
reduction procedure is initiated five times within the next
10 minutes of surgery-it indicates that there is a prob-
ability that some equipment problem has occurred at this
time, and a warning signal is issued to remind the phy-
sician to eliminate the potential risk in time. Here, the third
preset time duration of 10 minutes and the first preset
number of 5 times are only examples for ease of under-
standing and are not limitations on their assignment. The
third and fourth preset time durations may be the same or
different, the firstand second preset numbers may be the
same or different, and reasonable values may be set
according to the actual surgical procedure.

[0055] In this embodiment, it is specifically explained
that, step S400 further includes:

S411: when the monitored pressure is less than or
equal to the second pressure threshold, issuing a
fourth prompt signal; and

S412: when the monitored pressure is greater than
the second pressure threshold, issuing a fifth prompt
signal.

[0056] In this embodiment, the fourth and fifth prompt
signals are distinct from each other, mainly to ensure that
the physician can more intuitively grasp the dynamic
status of the equipment during surgery. The prompt
signals may also appear in the form of sound, light, text,
or images, or even a combination thereof.

[0057] Referring to FIG. 8, an embodiment of the pre-
sentinvention provides a control system for an insufflator
stabilization, including: a pressure monitoring module,
configured to acquire a monitored pressure read by an
insufflator and determine whether the monitored pres-
sure is greater than a first pressure threshold and a time
duration for which it is maintained is greater than or equal
to a first preset time duration; a pressure change rate
calculation module, connected to the pressure monitor-
ing module and configured to, when the pressure mon-
itoring module determines that the monitored pressure is
greater than the first pressure threshold and the time
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duration for which itis maintained is greater than or equal
to the first preset time duration, acquire a pressure
change rate within the first preset time duration; a deter-
mination module, connected to the pressure change rate
calculation module and configured to determine whether
it is expected fluctuation or continuous change according
to the pressure change rate calculated by the pressure
change rate calculation module; wherein the determina-
tion module is configured to determine it as expected
fluctuation when the pressure change rate is greater than
afirst pressure changerate threshold, and determineitas
continuous change when the pressure change rate is
less than or equal to the first pressure change rate thresh-
old; and an adjustment control module, connected to the
determination module and configured to be initiated to
execute a first adjustment procedure when the determi-
nation module determines it as expected fluctuation, and
to be initiated to execute a second adjustment procedure
when the determination module determines it as contin-
uous change, so that the intra-abdominal pressure re-
mains stable.

[0058] Inthis embodiment, by using the pressure mon-
itoring module, the pressure inside the pneumoperito-
neum is monitored in real time, and it can be determined
whether the monitored pressure is greater than the first
pressure threshold and the time duration for which it is
maintained is greater than or equal to the first preset time
duration. Based on the determination result of the pres-
sure monitoring module, then the pressure change rate
within the first preset time duration is calculated by the
pressure change rate calculation module. The determi-
nation module determines whether it is expected fluctua-
tion or continuous change according to the pressure
change rate calculated by the pressure change rate
calculation module. The adjustment control module se-
lects different adjustment procedures based on different
overpressure causes to keep the intra-abdominal pres-
sure stable. By using the pressure change rate to more
carefully distinguish the cause or situation of the over-
pressure, different adjustment procedures may be
adopted. This can largely avoid the problem of high
equipment component wear, and targeted adjustment
can be made for the expected fluctuating overpressure
situation, avoiding the problem of long-time consumption
for the equipment to stabilize intra-abdominal pressure
after expected fluctuation, thereby improving surgical
efficiency and reducing equipment wear.

[0059] The functions of each module in the control
system for an insufflator described in this embodiment
are the same as the method steps of the aforementioned
control method for an insufflator. Therefore, details not
described in this embodiment can be found in the specific
description of the aforementioned control method for an
insufflator and FIGS. 1 to 7, and are not repeated here.
[0060] Anembodiment of the present invention further
provides a control apparatus for an insufflator, including a
processor, a memory, and a computer program stored in
the memory and executable on the processor, wherein
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the computer program, when executed, implements the
method steps in the aforementioned control method for
an insufflator.

[0061] By means ofthe computer program storedin the
memory and executed on the processor, the cause or
situation of overpressure is distinguished in more detail
based on the pressure change rate, allowing different
adjustment procedures to be adopted. This avoids the
problem of high equipment component wear and the
problem of long-time consumption for stabilizing intra-
abdominal pressure after expected fluctuation, thereby
improving surgical efficiency and reducing equipment
wear.

[0062] The method steps implemented when the com-
puter programin the control apparatus for an insufflator of
this embodiment to be executed correspond to the steps
of the aforementioned control method for an insufflator.
Details not described in this embodiment can be found in
the specific description of the aforementioned control
method for an insufflator and FIGS. 1 to 7, and are not
repeated here.

[0063] Anembodiment of the present invention further
provides an insufflator, including: the aforementioned
control apparatus for an insufflator; a pressure sensor,
configured to measure an intra-abdominal pressure; and
a first pressure relief valve and a second pressure relief
valve, configured to control intra-abdominal pressure
relief; wherein the control apparatus for an insufflator is
electrically connected to each of the pressure sensor, the
first pressure relief valve, and the second pressure relief
valve.

[0064] Inthis embodiment, the control apparatus foran
insufflator inside the insufflator relies on the pressure
sensor to monitor and acquire the intra-abdominal pres-
sure in real time, thereby making determinations and
controlling the first and second pressure relief valves,
sothatthe intra-abdominal pressure remains stable while
also avoiding the problems of high equipment component
wear and long-time consumption for stabilizing intra-ab-
dominal pressure after expected fluctuation.

[0065] Optionally, the insufflator further includes a re-
minder structure, which is configured to issue the first to
fifth prompt signals and the first and second warning
signals. The reminder structure is controlled by the con-
trol apparatus for an insufflator, facilitating the physician
to better grasp the dynamic status of the equipment and
eliminate potential safety hazards in time. The prompt
structure may emit any one or a combination of sound,
light, text, or images.

[0066] Similarly, details not described in this embodi-
ment can be found in the specific description of the
aforementioned control method for an insufflator, control
system, control apparatus, and FIGS. 1 to 8, and are not
repeated here.

[0067] Those skilled in the art can understand that the
steps, measures, and schemes in the various operations,
methods, and processes discussed in the presentinven-
tion may be alternated, modified, combined, or deleted.
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Further, other steps, measures, and schemes in the
various operations, methods, and processes already
discussed in the present invention may also be alter-
nated, modified, rearranged, decomposed, combined, or
deleted. Further, steps, measures, and schemes in var-
ious operations, methods, and processes in the prior art
that are the same as those disclosed in the present
invention may also be alternated, modified, rearranged,
decomposed, combined, or deleted.

[0068] In the description of the present invention, it
should be understood that the orientation or locational
relationships indicated by terms such as "center",
"upper”, "lower", "front", "rear", "left", "right", "vertical",
"horizontal", "top", "bottom", "inner", "outer", etc., are
based on the orientation or locational relationships
shown in the drawings. They are used only for conve-
nience in describing the presentinvention and simplifying
the description, and do not indicate or imply that the
referred apparatus or element must have a specific or-
ientation or be constructed and operated in a specific
orientation. Therefore, they should not be construed as
limiting the present invention.

[0069] If the terms "first", "second" appear, they are
used for descriptive purposes only and should not be
construed as indicating orimplying relative importance or
implicitly indicating the number of the indicated technical
features. Thus, features defined by "first" or "second"
may explicitly or implicitly include one or more such
features. In the description of the present invention, un-
less otherwise specified, "a plurality of* means two or
more.

[0070] In the description of the present invention, it
should be noted that unless otherwise explicitly specified
and defined, the terms "mount”, "connect", and "connec-
tion" should be understood broadly. For example, a con-
nection may be a fixed connection, a detachable con-
nection, or an integral connection; it may be a direct
connection, an indirect connection through an intermedi-
ate medium, or an internal communication between two
elements. For those of ordinary skill in the art, the specific
meanings of the above-mentioned terms in the present
invention can be understood based on specific circum-
stances.

[0071] In the description of this specification, specific
features, structures, materials, or characteristics may be
combined in any suitable manner in one or more embodi-
ments or examples.

[0072] Finally, it should be noted that the aforemen-
tioned embodiments are only used to illustrate the tech-
nical solutions of the present invention, and not to limit
them. Although the presentinvention has been described
in detail with reference to the foregoing embodiments,
those of ordinary skill in the art should understand that
they can still modify the technical solutions described in
the foregoing embodiments, or perform equivalent sub-
stitutions for some or all of the technical features thereof.
However, these modifications or substitutions do not
cause the essence of the corresponding technical solu-
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tions to depart from the scope of the technical solutions of
the embodiments of the present invention.

INDUSTRIAL APPLICABILITY

[0073] By adopting the above scheme, the cause or
situation of overpressure is distinguished more carefully
through the pressure change rate, so that different ad-
justment procedures may be adopted. This can largely
avoid the problem of high equipment component wear,
and targeted adjustment can be made for expected fluc-
tuating overpressure situations, avoiding the problem of
long-time consumption for the equipment to stabilize
intra-abdominal pressure after expected fluctuation, en-
abling the intra-abdominal pressure to stabilize quickly,
thereby improving surgical efficiency and reducing equip-
ment wear.

Claims

1. Acontrol method for an insufflator, characterized by
comprising the following steps:

acquiring a monitored pressure read by an in-
sufflator;

when the monitored pressure is greater than a
first pressure threshold and a time duration for
which it is maintained is greater than or equal to
afirst preset time duration, acquiring a pressure
change rate within the first preset time duration;
if the pressure change rate is greater than a first
pressure change rate threshold, determining it
as an expected fluctuation and initiating a first
adjustment procedure; and

if the pressure change rate is less than or equal
to the first pressure change rate threshold, de-
termining it as continuous change and initiating
a second adjustment procedure.

2. The control method for an insufflator according to
claim 1, wherein the acquiring a monitored pressure
read by an insufflator comprises:

acquiring sampling pressures and sampling
time points corresponding to the sampling pres-
sures; and

taking an average value of sampling pressures
at every N consecutive sampling time points as
the monitored pressure, where N > 1.

3. The control method for an insufflator according to
claim 1, wherein the acquiring a pressure change
rate within the first preset time duration comprises:

within the first preset time duration, including M
values of the monitored pressures, dividing a
difference between adjacent monitored pres-
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sures by an interval time between the adjacent
monitored pressures to obtain M-1 pressure
change rates; and

taking a maximum value among the M-1 pres-
sure change rates as the pressure change rate
within the first preset time duration.

4. The control method for an insufflator according to

claim 1, wherein the first adjustment procedure com-
prises:

when the monitored pressure is less than or
equal to a second pressure threshold and atime
duration for which itis maintained is greater than
a second preset time duration, initiating a first
pressure reduction procedure; and

when the monitored pressure is greater than the
second pressure threshold, initiating a second
pressure reduction procedure.

5. The control method for an insufflator according to

any one of claims 1 to 4, wherein the first adjustment
procedure further comprises:

when the monitored pressure is less than the
second pressure threshold and the time dura-
tion for which it is maintained is less than the
second preset time duration, issuing a first
prompt signal;

when the monitored pressure is less than or
equal to the second pressure threshold and
the time duration for which it is maintained is
greater than the second preset time duration,
issuing a second prompt signal; and

when the monitored pressure is greater than the
second pressure threshold, issuing a third
prompt signal.

The control method for an insufflator according to
claim 4, wherein

the first pressure reduction procedure comprises:
opening a first pressure relief valve.

The control method for an insufflator according to
claim 4, wherein

the second pressure reduction procedure com-
prises: opening the first pressure relief valve and a
second pressure relief valve.

The control method for an insufflator according to
any one of claims 1 to 7, wherein the second adjust-
ment procedure comprises:

when the monitored pressure is less than or
equal to the second pressure threshold, initiat-
ing a third pressure reduction procedure and
initiating a first counting procedure; and

when the monitored pressure is greater than the
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second pressure threshold, initiating a fourth
pressure reduction procedure and initiating a
second counting procedure.

The control method for an insufflator according to
any one of claims 1 to 8, wherein the second adjust-
ment procedure further comprises:

when the monitored pressure is less than or
equal to the second pressure threshold, issuing
a fourth prompt signal; and

when the monitored pressure is greater than the
second pressure threshold, issuing a fifth
prompt signal.

. The control method for an insufflator according to
claim 8, wherein
the third pressure reduction procedure comprises:
opening the first pressure relief valve.

. The control method for an insufflator according to
claim 8, wherein
the fourth pressure reduction procedure comprises:
opening the first pressure relief valve and the second
pressure relief valve.

. The control method for an insufflator according to
claim 8, wherein
the first counting procedure comprises: if number of
times the third pressure reduction procedure is in-
itiated exceeds a first preset number of times withina
third preset time duration, issuing a first warning
signal.

. The control method for an insufflator according to
claim 8, wherein
the second counting procedure comprises: if number
of times the fourth pressure reduction procedure is
initiated exceeds a second preset number of times
within a fourth preset time duration, issuing a second
warning signal.

. A control system for an insufflator, characterized by
comprising:

a pressure monitoring module, configured to
acquire a monitored pressure read by an insuf-
flator and determine whether the monitored
pressure is greater than a first pressure thresh-
old and a time duration for which it is maintained
is greater than or equal to a first preset time
duration;

apressure change rate calculation module, con-
nected to the pressure monitoring module and
configured to, when the pressure monitoring
module determines that the monitored pressure
is greater than the first pressure threshold and
the time duration for which it is maintained is
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greater than or equal to the first preset time
duration, acquire a pressure change rate within
the first preset time duration;
a determination module, connected to the pres-
sure change rate calculation module and con- 5
figured to determine whether it is expected fluc-
tuation or continuous change according to the
pressure change rate calculated by the pressure
change rate calculation module; wherein the
determination module is configured to deter- 170
mine it as expected fluctuation when the pres-
sure change rate is greater than a first pressure
change rate threshold, and determine it as con-
tinuous change when the pressure change rate
is less than or equal to the first pressure change 15
rate threshold; and
an adjustment control module, connected to the
determination module and configured to be in-
itiated to execute a first adjustment procedure
when the determination module determinesitas 20
expected fluctuation, and to be initiated to exe-
cute a second adjustment procedure when the
determination module determines it as contin-
uous change.
25
15. A control apparatus for an insufflator, characterized
by comprising a processor, a memory, and a com-
puter program stored in the memory and executable
on the processor, wherein the computer program,
when executed, implements steps of the control 30
method for an insufflator according to any one of
claims 1 to 13.

16. An insufflator, characterized by comprising:

35
the control apparatus for an insufflator according
to claim 15;
a pressure sensor, configured to measure an
intra-abdominal pressure; and
a first pressure relief valve and a second pres- 40
sure relief valve, configured to control intra-ab-
dominal pressure relief;
wherein the control apparatus for an insufflator
is electrically connected to each of the pressure
sensor, the first pressure relief valve, and the 45
second pressure relief valve.

50
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Acquiring a monitored pressure read by an insufflator

—_~ S100

A 4

When the monitored pressure is greater than a first pressure threshold
and a time duration for which it is maintained is greater than or equal to
the first preset time duration, acquiring a pressure change rate within a

first preset time duration

—_~ S200

If the pressure change rate is greater than a first pressure change rate
threshold, determining it as an expected fluctuation and initiating a first
adjustment procedure

—_~ S300

A 4

If the pressure change rate is less than or equal to the first pressure S400
change rate threshold, determining it as continuous change and initiating o
a second adjustment procedure
FIG. 1
Acquiring sampling pressures and sampling time points corresponding to 3101
the sampling pressures T~

A 4

Taking an average value of sampling pressures at every N consecutive |~ S]102

sampling time points as the monitored pressure, where N > 1

FI1G. 2

Within the first preset time duration, including M values of the monitored
pressures, dividing a difference between adjacent monitored pressures by an
interval time between the adjacent monitored pressures to obtain M-1 pressure
change rates

k.

Taking a maximum value among the M-1 pressure change rates as the pressure [-—~_~ S202

change rate within the first preset time duration

FI1G. 3
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When the monitored pressure is less than or equal to a second pressure threshold
and a time duration for which it is maintained is greater than a second preset time
duration, initiating a first pressure reduction procedure

—_~ S301

b4

‘When the monitored pressure is greater than the second pressure threshold,
initiating a second pressure reduction procedure

L —_~ S302

FIG. 4

When the monitored pressure is less than a second pressure threshold and a time
duration for which it is maintained is less than a second preset time duration,
issuing a first prompt signal

—__~ S311

When the monitored pressure is less than or equal to the second pressure
threshold and the time duration for which it is maintained is greater than the
second preset time duration, issuing a second prompt signal

L—~_~ S312

When the monitored pressure is greater than the second pressure threshold,
issuing a third prompt signal

—_~S313

FIG. 5

When the monitored pressure is less than or equal to a second pressure
threshold, initiating a third pressure reduction procedure and initiating a
first counting procedure

___ S401

A4

When the monitored pressure is greater than the second pressure
threshold, initiating a fourth pressure reduction procedure and initiating a
second counting procedure

| S402

FIG. 6

When the monitored pressure is less than or equal to a second pressure
threshold, issuing a fourth prompt signal

—_~ S411

Y

When the monitored pressure is greater than the second pressure threshold,
issuing a fifth prompt signal

| S412

F1G. 7
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Pressure monitoring module

Pressure change rate
calculation module

Determination module

A4

Adjustment control module

FIG. 8
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